Study objectives-To identify groups within the UK male and female population who report similar patterns of diet. Design-National representative dietary survey, using seven day weighed dietary records, of men and women aged 16-64 years living in private households in Great Britain in 1986-7. Cluster analysis was used to aggregate participants into diet groups. Setting-Great Britain. Participants-1087 men and 1110 women. Results-93% of men and 86% of women fell into one of four distinct diet groups. Among men the most prevalent diet group was "beer and convenience food" (34% of the male population); second was "traditional British diet" (18%); third was "healthier but sweet diet" (17.5%) and fourth was "healthier diet " (17%). Among women, the most prevalent diet group was " traditional British diet" (32%); second, was "healthy cosmopolitan diet" (25%); third was a "convenience food diet" (21%); and fourth was "healthier but sweet diet" (15%). There were important diVerences in nutrient profile, sociodemographic and behavioural characteristics between diet groups. Conclusions-Cluster analysis identified four diet groups among men and four among women, which diVered not only in terms of reported dietary intakes, but also with respect to nutrient, social and behavioural profiles. The groups identified could provide a useful basis for development, monitoring and targeting of public health nutrition policy in the UK.
Empirical dietary surveys frequently examine the food intake of a population in terms of nutrient intake. This approach provides valuable information on nutrient adequacy and excess and allows testing of a priori hypotheses on the association between nutrients and morbidity. However, the approach does not allow the complexities of dietary intake of individuals, or groups of individuals, to be considered in terms of their overall dietary pattern.
In recent years there has been increasing interest in the identification of dietary patterns as consumed by populations. It has been suggested that such analyses could shed light on the complex relation between diet and chronic disease. [1] [2] [3] From a public health perspective, identification of groups within a population that consume similar patterns of diet would be of value to policy makers for translating national dietary goals into practical dietary recommendations for the public, for monitoring population trends towards nutritionally "healthier" diets, for identification and surveillance of those at nutritional risk, and for tailoring and targeting public health nutritional interventions.
Previous approaches to an analysis of dietary patterns have used frequency of food use to develop food variety scores or a qualitative food use profile of a population. 2 4 5 More recently, multivariate statistical techniques have been used to examine the combination of foods consumed by populations, relating these either to population characteristics, or morbidity. Several studies have used factor analysis to classify dietary patterns according to the frequency of reported food consumption 2 6 or reported food intake. [7] [8] [9] However, the factors identified by this technique do not refer to identifiable groups of individuals within a population, and hence do not give an indication of the prevalence of a particular type of diet. Cluster analysis on the other hand, aims to identify relatively homogeneous groups within the population based upon selected attributes (dietary variables). The technique has not been widely used to analyse dietary data.
This study was undertaken to explore whether relatively homogeneous groups reporting similar patterns of diet could be identified in a representative sample of British men and women. A further aim was to examine the nutrient profile, and sociodemographic characteristics associated with the groups.
Methods
The database used was the Dietary and Nutritional Survey of British Adults (DNSBA). The conduct and results of the survey have been described in detail elsewhere. 10 Briefly fieldwork was carried out between October 1986 and August 1987. The sample was recruited using a multi-stage random probability design. The electoral roll was used as the sampling frame. The frame was stratified by region and within each major stratum, electoral wards were ranked by the proportion of heads of households in diVerent socioeconomic groups using census data. A total of 120 wards were selected as first stage units, with probability proportional to the total electorate in each ward. In each ward, 33 addresses were selected and one person from each household was selected using the technique developed by Kish. 11 In total, 1087 men and 1110 women aged 16-64 years completed the full dietary survey, a response rate of 70 per cent. 10 Data were collected in four rounds (autumn, winter, spring, summer) to ensure that seasonality eVects do not bias estimates from the aggregated data.
10
Study participants were issued with a calibrated dietary weighing scales and asked to keep a weighed record of all foods consumed both in and out of the home over a seven day period.
Body weight and height were measured in standard fashion. Information on age, social class, ethnic origin, geographical area of residence, mineral and vitamin supplement use, cigarette smoking, and whether the food diary was aVected by the participant being on a slimming diet, or due to illness during the week of the study, were also collected using an interviewer administered questionnaire. A copy of the data was obtained from The OYce of Population, Census, and Surveys, and checked by replicating selected analyses and by undertaking range checks. 10 The clustering technique used was a hierarchical agglomerative (or stepwise) technique available on SPSSx. The aim of the hierarchical agglomerative clustering algorithms is to find the most eYcient step at each stage in a progressive synthesis of a population from "n" cases to "N" groups according to predefined criteria, based upon a measure of distance or similarity. One source of variation in the hierarchical clustering techniques is in choice of distance or similarity criteria used. Ward's method was used as suggested by Everitt. 12 Ward's method uses the squared Euclidean distance and is based upon the proposition that at any stage in the analysis the loss of information resulting from the grouping of entities into clusters can be measured by the total sum of squared deviations of each point from the mean of the cluster to which they belongs. At each step of the analysis the union of every possible pair of clusters is considered and the two clusters whose fusion results in the minimum increase in the error sum of squares are combined. 12 In Monte Carlo studies, Ward's method has been found to be the most robust clustering method using a similarity matrix based upon squared Euclidean distances. 13 14 One major advantage of hierarchical clustering algorithms is that results are presented in the form of a dendogram. This aids the investigator in exercising judgements on the number of clusters that exist or are useful for the purpose at hand.
Analyses were conducted for men and women separately because we expected that women and men had diVerent eating habits. Fifty one food/beverage groups were used in the analysis. We choose food variables because we wanted to identify food pattern clusters. Continuous food and beverage group values (g/week or ml/week) were standardised by converting to the standard normal deviate. This is to ensure that clusters are not influenced by food categories with high specific gravity (for example, beverages). A matrix of distance coeYcients based upon the squared Euclidean distance was computed. A stepwise fusion of cases based upon the distance coeYcient matrix was then produced. The clustering coeYcient was used to indicate the stage on the agglomeration schedule where large changes between fusions were evident as compared with immediately preceding stages. 12 In tabular presentation in this paper, the 51 food/drink groups defined by MAFF 10 have been aggregated into 25 food/drink groups for presentation. To test the stability of the solution obtained, two split samples were used and eight large clusters and four small clusters were identified in each. 12 The survey chose to use the seven day weighed intake method because of the detail 15 Also, in population-based surveys, there is evidence of underreporting in obese people and among women to a greater degree than among men. 15 The proportion of "low energy reporters" by dietary cluster is presented for information. For the purposes of this study, a reported dietary energy intake of less than 1.2 estimated basal metabolic rate (BMR) was taken as indicative of "low energy reporting" (LER). 15 BMR was estimated using predictive equations that use age, sex and body weight. 16 Statistical comparisons were made across the clusters in terms of reported food group consumption, macro-nutrient and micronutrient intakes and selected socioeconomic, demographic and behavioural variables. Nonparametric Kruskal-Wallis one way analysis of variance was used to test for diVerences between clusters in food consumption and alcohol. Parametric one way analysis of variance was used to test for between group diVerences in reported nutrient intake. Some variables were transformed using natural logarithms before statistical analysis. The 2 test was used to test for between group diVerences in the frequency distribution of categorical variables; where the expected cell size was under five, Fisher's exact test was used. Statistical analyses were performed using the SPSSx and SAS statistical packages. Tables present for men and women respectively median food/ beverage intakes because men and women's intakes were diVerent. Cluster medians food/ beverage intakes below 50% of the male and female median intake were considered "low". Cluster median intakes between 50-99% and 100-149% were considered respectively "moderate-low" and "moderate-high", and intakes of 150% or more of the male and female median intake were considered "high". A list of the 51 food/beverage groups is shown in the appendix..
Results

IDENTIFICATION OF DIET CLUSTERS
Among both men and women, four large clusters were identified comprising 93 per cent and 86 per cent of the sample respectively, and there were four small clusters. Results will be presented here for the four large clusters only for men and women. The level of agreement between split samples was the same. In conclusion the clusters were robust.
MEN
The most prevalent male dietary group in men was cluster 1 (MC1) (n=366; 34% of men). This had reported median food/drink groups in the "high" for: beer/cider, and other margarines, and moderately high for: prepared meat, meat products, chips and white bread. Food groups in the "low" category included: wholegrain cereals, fruits and nuts. Cluster median intakes were zero for polyunsaturated fats, low fat dairy products, fish/shellfish, fruit juices, liqueurs/spirits/wines (table 1) . This dietary pattern could be considered a "convenience food/beer" diet high in meat products, chips, and beer .
Male cluster 2 (MC2) (n=192; 18% of men) was the second most prevalent group with 
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www.jech.com group.bmj.com on June 15, 2017 -Published by http://jech.bmj.com/ Downloaded from reported median intakes in the "high" category for: white bread/refined cereals, butter and other margarines, tea and sugar/confectionery. Median intakes were moderately high for cakes/pastries, puddings, high fat dairy products and meat ham/bacon, potatoes and vegetables. Median intakes were "low" for wholegrain cereals and pasta/rice and zero for low fat dairy products, polyunsaturated spreads, wholegrain cereals, pasta/rice, fish/ shellfish, fruit juices, and liqueurs/wines/spirits. This dietary pattern could be termed a "traditional British diet".
Male cluster 3 (MC3) (n=190; 17.5% of men) had median intakes in the "high" category for wholegrain cereals, fish/shellfish, fruits/nuts and cakes/pastries. There were moderately high intakes of high fat dairy products and coVee. In addition intake of polyunsaturated fats, low fat dairy products and liqueurs/spirits/wines were well above the respective population median values of zero. Cluster median intakes for fruit juices and other margarines were zero. This dietary pattern could be considered a "mixed sweet diet".
Male cluster 4 (MC4) (n=185; 17% of men) had median intakes in the "high category" for wholegrain cereals, fish/shellfish, and fruit/ nuts. There were moderately high intakes of pasta/rice and coVee. In addition, median intakes of liqueurs/spirits/wines, low fat dairy products, polyunsaturated fat spreads and fruit juices were well above the respective population median of zero There was a zero median intake for "other margarines". This dietary pattern could be considered a "healthier diet".
WOMEN
The female cluster 1 (FC1) (n=355; 32% of women) was the most prevalent dietary group (table 2) . Reported food/drink groups with median intakes in the "high" category included: white bread/refined cereals, butter and high fat dairy products, and moderately high in tea, prepared meat products chips/roast potatoes, cakes/pastries, and preserves/confectionery. Alcoholic drinks and fruit juices were located in the "low" category, together with fish/shellfish, and low fat dairy products. The median intake of polyunsaturated fats/low fat spreads were zero. Intakes in the moderately low intake (table 2) . Reported median intakes were high for: wholegrain cereals, low fat dairy products, fish/shellfish, fruit/nuts and liqueurs/ spirits/wines. Median intakes of polyunsaturated fats and fruit juices were also above the respective population medians, of zero. Moderately high intakes included vegetables and salads, poultry, prepared meat products, pasta and coVee. "Low" median intakes were recorded for refined cereals and chips, while median intakes for beer/cider and other margarines were zero. This dietary pattern could be considered a "healthier cosmopolitan diet" (table 2) .
Female cluster 3 (FC3) (n=229; 21% of women) had reported median intakes in the "high" and "moderate-high" categories for: tea, pasta/rice, white bread/refined cereals, prepared meat products, chips/roast potatoes, sugar/confectionery, soft drinks while the median intake of "other margarines" was above the population median intake of zero. Food groups in the "low" category included low fat dairy products, wholegrain cereals, fish, fruits/ nuts, fruit juices, liqueurs/wines/spirits, beer/ cider. Median intakes of polyunsaturated fat/low fat spreads and fish/shellfish were zero. This dietary pattern could be considered a "convenience food diet" (table 2) .
Female cluster 4 (FC4) (n=168;15% of women) had reported median intakes in the "high intake" category for: wholegrain cereals, low fat dairy products, fish/shellfish, fruits/ nuts, and median intakes of polyunsaturated fats and fruit juices were above the respective population medians of zero. Moderately high intakes included vegetables/salad, ham/bacon, cakes/pastries and puddings, biscuits and tea. Moderately low intakes included white bread/ refined cereals, and high fat dairy products, chips/roast potatoes, and soft drinks. Zero median intakes were reported for other margarines and beer/cider. This dietary pattern could be considered a "healthier but sweet diet" (table 2). ENERGY INTAKE, BMI AND SLIMMING Table 3 presents data for the four large male and female clusters on mean energy intake and body mass index (BMI), and the proportions of low energy reporters (LERs), self reported slimmers and individuals reporting that their diet was aVected because of ill health during the survey week. Among both men and women, cluster diVerences in energy intakes, BMI, % LERs and % reporting that their diet had been aVected by ill health were statistically significant at p<0.05 to p<0.001). Among the four large clusters, the "convenience food diet" (MC1; FC3) and "healthier diets" (MC4; FC2) had the lowest mean reported energy intakes, and for men the "convenience diet" had the highest proportion of LERs. Among women, the proportion of LERs was over 40% in all four large clusters, but was highest (61%) in the "convenience food diet" (FC3). Among both men and women the "traditional diet" (MC2; FC1) had the highest mean energy intake, while the "healthier" (MC4; FC2) had the highest proportions of self reported slimmers, and the "convenience diet" (MC1; FC3) had the highest proportion reporting that their diet was aVected because of ill health.
MACRONUTRIENT DENSITY Table 4 presents data on macronutrient densities for the four large male and female clusters. Of the four large clusters, the "healthier diets" (MC4; FC2) had the lowest mean total fat, and saturated and trans fat, carbohydrate and starch. MC4 also had the highest polyunsaturated fat density and P:S ratio among men. Conversely, the "convenience diets" (MC1; FC3) and the "traditional diet" (MC2; FC1) had the highest mean densities of total fat and starch and the lowest densities of fibre among the four large clusters. Among the large clusters, the highest mean sugar densities were in the "mixed but sweet" and the "healthy sweet" dietary groups (MC3;FC4), which also had the highest polyunsaturated fat density (table 4) .
MICRONUTRIENT DENSITY Table 5 presents data on 20 micronutrients for the four large clusters for men and women. Of the four large clusters, the male and female "healthier diets" (MC4; FC2) had the highest mean micronutrient densities for 17 of 20 and 15 of 20 micronutrients respectively. The "traditional diet" clusters had the lowest mean densities for 16 of 20 micronutrients among men (MC2) and 14 of 20 micronutrients among women (FC1).
SOCIODEMOGRAPHIC AND BEHAVIOURAL
CHARACTERISTICS
Selected sociodemographic and behavioural characteristics for the four large dietary clusters for men and women are presented in table 6. For both men and women, cluster diVerences for all variables examined were significant.
Compared with population averages, the "convenience" (MC1; FC3), and "traditional" diets (MC2; FC1) were characterised by higher proportions from the manual social classes and/or in receipt of State benefits. Higher proportions from both clusters smoked and among women fewer took micronutrient supplements. The "convenience diet" clusters (MC1; FC3) were on average younger, and had higher proportions of single people from ethnic minorities. Higher proportions from MC1 x Cluster analysis can identify groups within the UK population who report similar patterns of diet. x 93% of men and 86% of women fall into one of four distinct diet groups; "beer and convenience food", "traditional", "healthier but sweet" or "healthier" in men and "traditional", "healthier cosmopolitan", "convenience food" and "healthier but sweet" in women. x Members of the diet groups exhibit diVerent sociodemographic and behavioural characteristics and there are important diVerences in nutrient profiles between groups. x Diet groups provide a more logical basis for developing and targeting public health nutrition policy than focusing on intakes of particular nutrients or foodstuVs.
came from the North and Scotland whereas higher proportions from FC3 came from London and the South East. In contrast, higher proportions of the "healthier diet" clusters (MC4; FC2) and "mixed but sweet diet" and the "healthy sweet diet" clusters (MC3; FC4) were from the non-manual social classes, and were non-smokers compared with the respective population means. Compared with the population average, higher proportions of the male "healthier eaters" (MC4) were from Central/South West and Wales, and the "healthier but sweet" MC3 from London and the South East. Among women, higher proportions of "healthy eaters" (FC2) were from London and the South East.
Discussion
This paper uses cluster analysis to identify groups within the British population who report similar patterns of diet. Such an approach is potentially of relevance to public health nutrition policy as people eat foods not individual nutrients. There are a number of reasons why epidemiologists may wish to characterise specific food patterns, rather than focus on nutrients. Firstly, foods are not fully represented by their nutrient composition. Secondly, it is not possible to characterise the health eVects associated with a given food solely on the basis of its nutrient content; this is because diVerent components of a particular meal may compete with, antagonise, or change the bioavailabilty of any single nutrient contained in that meal. Thirdly, it can be diYcult to disentangle the eVects of various nutrients on health outcomes because of problems of multicollinearity. Finally, analyses based on foods are more directly related to dietary recommendations, and it becomes more feasible to identify practices that need to be modified in order to improve health outcomes. Cluster analysis has not been widely used in public health nutrition. Probably the earliest example is the work of Akin et al 17 using data on adults aged 65-74 years from the US Nationwide Food Consumption Survey and identifying dietary clusters with important diVerences in terms of nutrient intakes and socioeconomic characteristics. Subsequently, Tucker et al 18 used cluster analysis on data derived from three day dietary records 680 elderly residents from the Boston area. In this study there were four major diet clusters, again with distinctive nutrient and socioeconomic characteristics. Of particular interest in this study was the finding that about half of the sample occupied a diet cluster high in intakes of milk, cereals and fruit, and with a favourable micronutrient intake and haematological profile.
In our study eight patterns of diet were identified in British men and women aged 16-64. Among men the most prevalent diet was a "beer and convenience diet" (34% of the male population); second was a "traditional British diet" (18%); third was "mixed but sweet diet" (17.5%); and fourth was a "healthier diet" (17%). Among women, the most prevalent diet was a " traditional British diet" (32%); then a "healthy cosmopolitan diet" (25%); thirdly a "convenience food diet" (21%); and finally a "healthier but sweet diet" (15%).
Hulshof et al 19 carried out a comparable study, analysing data from the Dutch Nutritional Surveillance System, which is based on two day food records collected from 3781 adults (1802 men and 1979 women) during 1987-88. Eight dietary clusters were found, four of which were regarded as of poor nutritional quality on the basis of a scoring system for percentage saturated fat, P:S ratio, cholesterol, dietary fibre, alcohol and percentage mono/disaccharides. Another interesting paper is that of Haines et al, 17 which identifies nutrient diVerences among American women clustered according to possible food consumption locations. In this study, the "fast food" group are characterised by high intakes of fat, cholesterol and sodium, compared with a "home mixed eating" group with the most healthy diets and the authors emphasise the importance of targeting food messages to eating environments as well as food choices. 20 Diet groups derived from cluster analysis might well predict important disease outcomes, such as cancer, heart disease of hypertension. Huijbregts et al 4 used cluster analysis of food scores to assess relations with cardiovascular risk factors. The high alcohol intake group was associated with cardiovascular risk factors, but the healthy diet group was associated with more favourable levels of cardiovascular risk factors. Nicklas et al 7 used factor analysis to assess eating patterns and their relation to cardiovascular risk factors. Eating patterns were associated with HDL-C, VLDL-C, triglycerides and systolic blood pressure. Farchi et al 3 used a cluster technique to group Italian adults on the basis of their macronutrient intake. Four groups were identified that diVered in terms of mortality from coronary heart disease, cancer and cirrhosis of the liver.
Lifestyle variables such as smoking and poor diet can independently aVect health status and a combination of lifestyle practices may introduce a health risk that is greater than would be expected from the sum of individual risk factors. 21 In our study there were important diVerences in sociodemographic and behavioural characteristics across the diet clusters. For example, a high prevalence of smoking and manual social class were characteristic of the "beer and convenience/convenience diet" and "traditional diet" groups in men and women. Similar observations were made in the study of Hulshof et al. 19 On the basis of extensive epidemiological data published elsewhere, this mix of risk factors would be expected to confer high cardiovascular disease and cancer risks in associated diet clusters. 21 22 We believe our results could be of relevance to the development, monitoring and targeting of public health nutrition policy in the UK. British populations do not meet dietary targets. 23 Nevertheless, a public health strategy based on mass population change may be ill conceived. We have demonstrated that cluster analysis based on dietary intake is a useful tool for identifying risk groups within the population. Clusters diVer in multi-dimensional ways and the determinants of food habits and lifestyles are also likely to vary. Factors such as convenience, cost, peer group pressure and occupation may be relevant to food choices and lifestyle. We would recommend targeting risk groups with appropriate health promotion strategies. Further research is needed on levers and barriers to change in these distinctive groups and programmes need to be appropriately tailored for maximum impact.
